Background: This study aimed to describe and to analyse the importance of educational level for controlled risk factors and health-related quality of life (HRQoL). Methods: This observational study was conducted in nine European countries (5632 patients in 249 practices). We compared patients with a low level of education (up to 9 years) with patients with a high level of education (>9 years), with regard to controlled cardiovascular disease risk factors and HRQoL. A multilevel approach was used for statistical analysis. Results: Patients with a low level of education were older (P < 0.001), more often female (P < 0.001), more often single (P < 0.001) and had a higher number of other conditions (e.g. heart failure) (P < 0.001). Significant differences in terms of controlled risk factors were revealed for blood pressure (RR) 140/90 mmHg (P = 0.039) and the sum of controlled risk factors (P = 0.027).
Introduction
F rom a patient's perspective not merely the disease but rather the impact of disease and treatment on daily life is important. 1 In this context, 'health status' characterizes the range of manifestation of diseases in a given patient, including symptoms and functional limitations. The discrepancy between actual and desired function is described as health-related quality of life (HRQoL). Particularly for patients with chronic conditions, this perspective has a special meaning. 2 Along with the growing importance of prevention, HRQoL as an outcome has gained increased attention in the past years.
This also applies in the context of cardiovascular diseases (CVDs), which are major causes of morbidity and premature death in developed countries. 3 However, marked disparities for prevalence and mortality of CVD exist in terms of population subgroups (e.g. by race or ethnicity), socioeconomic status (SES) and educational level. Especially, persons with lower education tend to have a higher burden of CVD and related risk factors. [4] [5] [6] This may be reflected in the trend that low education has become a more important risk factor in CVD for mortality over time. 7 In the treatment and prevention of CVD, the modification of risk factors, e.g. hypertension, high cholesterol levels or cigarette smoking, by means of a healthy lifestyle or medication is essential. 8 Recently published evidence suggests that optimal CVD risk factor control is associated with reduced mortality at 3 years and fewer cardiovascular events. 9 However, despite a high prevalence of CVD risk factors, systematic undertreatment is evident worldwide. 10 For example, <60% of European patients with stable atherothrombotic disease have a good control of major CVD risk factors. 9 Concerning disparities in prevention and control of CVD risk factors, existing evidence is inconsistent. Munos et al. (2005) described for a sample of patients with coronary heart disease (CHD) in Spain that lower SES was not associated with inequalities in secondary prevention and the control of risk factors. 11 On the other hand, socioeconomic disparities in the prevention of risk factors for CVD are clearly observed in a study among Italian adults, generally favouring a higher educational level. 12 Recently published evidence suggests that, in particular, lower education is associated with uncontrolled CVD risk factors in European primary care. 13 With respect to HRQoL, we know that uncontrolled CVD risk factors are associated with impairments in well-being and HRQoL. 14 On the other hand, there is only weak evidence about the positive impact of controlled risk factors on HRQoL in usual care. 15 Additionally, disparities in terms of gender, population subgroups and educational level exist. Our own research in European primary care revealed that lower education is negatively associated with HRQoL in patients at risk for CVD 16 and patients with CHD. 17 However, a systematic consideration of the impact of educational level on HRQoL and risk factor control in usual primary care is still missing. To close this gap, the aim of this study was to analyse (i) the association between education and control of CVD risk factors, (ii) the association between education and HRQoL, (iii) whether controlled risk factors are associated with better HRQoL and (iv) whether this association is the same for patients with low educational level and patients with high educational level. The results of these analyses will contribute to a more comprehensive understanding of the link between education, control of main CVD risk factors and HRQoL in the context of primary care.
Methods

Study sample
This analysis was conducted as part of the European Practice Assessment (EPA)-Cardio project (2006-09). To improve cardiovascular health care in Europe, in the first stage of the project (2006-07), instruments and methods for assessing cardiovascular risk management and prevention in primary care were developed and tested (EPA-Cardio instrument). 18 In the second stage of the EPA-Cardio project (2008-09), a cross-sectional observational study using the EPA-Cardio instrument was conducted. A comprehensive sample of countries in North, West, South and Central Europe participated in this study (i.e. Austria, Belgium, England, Finland, France, Germany, The Netherlands, Slovenia, Spain and Switzerland). 19 For this study, general practices were approached by the national research teams, from lists provided by the national medical associations. In each practice, 30 patients with CHD and 30 patients at high risk for CVD were randomly sampled (assuming 50% response) and invited to participate. Inclusion and exclusion criteria are listed in table 1. 20 Ethics committees of all participating countries approved the study. All General Practitioners and all patients provided their written informed consent to participate in this study.
Overall, data of 10 423 patients of 10 countries were included in the study. Questionnaires were sent by post and returned from 7846 patients of nine countries. Clinical record data were abstracted from 8928 patients of 10 countries.
Study measures
Participants received a questionnaire including items about patient characteristics (e.g. age, gender, education and marital status) and care delivery (e.g. practice attendance). Additionally, the EQ-5D (European Quality of Life-5 Dimensions) instrument was included. The EQ-5D is a self-report standardized questionnaire developed by the EuroQol Group, and is available in more than 50 languages. The EQ-5D provides a simple, generic measure of health status, applicable to a wide range of health conditions and treatments. The EQ-5D defines health in terms of five dimensions: mobility, self-care, usual activities, pain or discomfort and anxiety or depression. Each dimension is divided into three levels, indicating no problem, some or moderate problems or extreme problems. These five dimensions of health states can be converted into a single value (EQ-5D score) by applying scores from EQ-5D value sets. These value sets are elicited from the general population and available for different countries and regions (e.g. UK, USA, Germany and Europe). The EQ-5D score (indicating HRQoL) is a continuous variable and ranges from 0 to 1. For this study, the EQ-5D score was calculated using the value set of the European population. The validity and reliability of the EQ-5D as an outcome measure within CVDs have already been published. 21, 22 Additionally, information about diagnosis and CVD prevention were abstracted from clinical records using a paper-based audit abstraction tool. We defined target levels of modifiable risk factors using recommendations, 23 including a target blood pressure (RR) of 140/90 mmHg, a total cholesterol goal of 5 mmol/l, a nonsmoking status, blood glucose levels 10 mmol/l (random) or 6.1 mmol/l (fasting) and a body mass index 30 kg/m 2 . Additionally, we calculated the number of controlled risk factors as a sum score ranging from 0 to 5 (sum of controlled risk factors). A higher score indicates that more risk factors are controlled. All included variables are described in table 2.
Data analysis
In a first step, we grouped patients according to their level of education ( 9 years of education vs. >9 years of education). In a second step, we compared the two educational-level subgroups with respect to patient characteristics, single controlled risk factors as well as the corresponding sum score and HRQoL. Finally, we analysed the association between the sum of controlled risk factors and HRQoL for the whole sample and for both educational-level groups.
Because of the hierarchical data structure, a multilevel linear modelling approach was used in the analyses of HRQoL. This approach takes into account the dependence between patient outcomes (level 1) within primary care practices (level 2) and countries (level 3). First, we included both main effects (education and sum of controlled risk factors) and the corresponding interaction term in the model. Second, we examined separately the effect of control of risk factors for both educational subgroups. All models were additionally adjusted for age (years), gender (female vs. male), marital status (single vs. married), patient group (CHD vs. high-risk group) and the number of other conditions (0-9 score).
Only patients with complete data on all explanatory variables were considered in the regression analysis. Because the analysis was exploratory, the significance level was set to 5% (two-sided) and no adjustment for multiple testing was performed. All descriptive analyses were carried out by using IBM SPSS Statistics version 19 (SPSS Inc., Chicago, IL). The multilevel analysis was conducted with SAS 9.1 (SAS Institute Inc., Cary, NC).
Results
Patient characteristics
For 5632 patients in 249 practices and 9 European countries, we were able to match data from survey instruments for patients and practices (figure 1). Compared with patients not included (n = 3296), included patients were younger (years: 67.4 vs. 68.7; P < 0.001), more often female (32.5 vs. 27.6%; P < 0.001) and more often CHD patients (48.5 vs. 45.9%; P < 0.001). Of all included participants, 1941 (34.5%) had up to 9 years of education. Compared with the 3691 patients with >9 years of education, these patients were, on average, older (years: 69.2 vs. 66.4; P < 0.001), more often female (41.3 vs. 27.9%; P < 0.001), more often single (27.2 vs. 21.2%; P < 0.001), more often CHD Association between education and control of CVD risk factors
Except for smoking, all CVD risk factors were better controlled for patients with higher educational level (table 3) . However, statistically significant differences in control of CVD risk factors between patients with up to 9 years of education and patients with >9 years were only revealed for RR 140/90 mmHg (49.9 vs. 54.6%; P = 0.039) and the sum of controlled risk factors (mean 2.51 vs. 2.62; P = 0.027).
Association between education and HRQoL
With respect to HRQoL, the analysis showed significant differences in EQ-5D scores between patients with up to 9 years of education and patients with >9 years of education (0.72 vs. 0.77; P < 0.001). These differences were also observed in subgroups with regard to gender and patient group (table 3) .
Association between control of risk factors and HRQoL
The 3-level linear regression analysis was based on 5382 patients with complete data on all explanatory variables (level 1) nested within 249 practices (level 2) and nine countries (level 3). There were up to 64 patients within each practice and up to 36 practices within each country sample. The multilevel regression analysis for the whole sample showed that the HRQoL as measured by the EQ-5D score was significantly associated with all examined variables. However, the interaction between educational level and the sum of controlled risk factors was statistically not significant (P = 0.392) (Supplementary table) . Therefore, a second model without the interaction term was fitted. As can be seen from table 4, lower educational level, higher age, female gender, single marital status, CHD patient group and higher number of other conditions were associated with lower HRQoL. Higher number of controlled risk factors was positively associated with HRQoL. For each additionally controlled risk factor, the EQ-5D score was predicted to increase by 0.0086 (P < 0.001). The multilevel regression analysis for patients with up to 9 years and >9 years of education showed no considerable differences. Both regression coefficients for the sum of controlled risk factors were about 0.008 and statistically significant (table 4).
In terms of practical impact, the regression coefficient as result of the multilevel analysis has to be appropriately interpreted: In general, the value of the regression coefficient indicates a change per unit (continuous variables) or a change in contrast to a reference category (categorical variables). For example, in our analysis, the continuous variable 'number of other conditions' was divided into 10 units (0-9, one point for every other condition, e.g. 'history of heart attack'). This means that for each additional Coeff: regression coefficient, SE: standard error, CHD: coronary heart disease.
condition, the EQ-5D score was predicted to decrease by 0.0505 (P < 0.001). For the categorical variable 'gender', the coefficient indicates a decrease of 0.0558 in the EQ-5D score for 'female' in contrast to 'male' patients (reference category).
Discussion
The aim of this study was to make a contribution for a more comprehensive understanding of the link between education, control of CVD risk factors and HRQoL in the context of primary care. Overall, the results showed that patients with lower educational level were older, more often woman, more often single, more often CHD patients and had a higher number of other conditions. Whereas the fact that patients with lower educational level are more often female, 24 single 7 and have a higher burden of disease 25 is well known, the association between the number of conditions and educational level has not been explicitly demonstrated.
With respect to our first research question, the analysis revealed that there is an association between education and control of CVD risk factors. As shown by our data, all considered risk factors (except smoking) were poorer controlled for patients with lower educational level. However, only for blood pressure (RR 140/90 mmHg) and the sum of controlled risk factors, these results were statistically significant. Overall, this finding is in line with existing evidence. 4, 12 The association between the sum of controlled risk factors and educational level, to the best of our knowledge, has not been considered in other analyses.
For the association between education and HRQoL (second research question), the analysis revealed that patients with up to 9 years of education compared with patients with >9 years of education have a markedly lower EQ-5D score. With a difference, on average, of 0.05 on the EQ-5D score between educational-level groups (table 3) , this gap is also clinical relevant. 26 This finding applies for the whole sample and also for patients with CHD and patients at risk for CVD. As it is known from other studies, also lower EQ-5D scores for female patients compared with male patients in both educational groups were observed in our analysis. 27, 28 In terms of our third research question, whether controlling of risk factors is associated with better HRQoL, the multilevel analyses has shown an interesting result. Even if the effect is not large, we found a positive association between the sum of controlled risk factors and HRQoL measured with the EQ-5D score. Different from previous studies 12, 16 which have focused on the negative impact of uncontrolled risk factors, our results may suggest that improved control of risk factors can lead to improved HRQoL. In the context of guideline adherence, Cacoub et al. (2011) have shown that improved risk factor control is associated with a positive impact on 3-year cardiovascular event rates and mortality. 9 With respect to the fourth research question, our analysis revealed no differences in terms of the association between the sum of controlled risk factors and HRQoL for patients with lower and with higher educational level. The interaction effect of interest was statistically not significant, and separate multilevel regression analyses for patients with up to 9 years of education and patients with >9 years of education have shown nearly the same associations between the number of controlled risk factors and HRQoL. Certainly, in the context of primary prevention, preliminary evidence exists that screening and treating only high-risk individuals might increase health inequalities. On the other hand, there is increasing evidence to suggest that addressing CVD risk factors using whole-population approaches generally reduces social inequalities. 29 Whereas the high-risk approach is more anchored in primary health care and focuses on patients with established diseases or patients at risk, the population-based approach of prevention and health care promotion established in public health is related to a broader population. The most effective prevention of CVD as a pandemic disease may be achieved by combining these two important approaches. 30 However, critical challenges for further development of health care structures include the consideration of social determinants of disease distribution and the underlying inequalities in access to and benefit from preventive services. 25 
Strengths and limitations
In some countries, it was difficult to enrol 36 practices as intended. In the multivariate analyses, the total number of cases decreased due to missing data, as we conducted a complete cases analysis. The EQ-5D instrument showed a ceiling effect, with 30% of people scoring the highest value. Accordingly, as also reported in other studies, EQ-5D may be less sensitive to describe mild-severity health levels. However, the EQ-5D instrument is reported to have a better discrimination capacity for sociodemographic and morbidity indicators that we focused on in our study. Because of the observational design of our study, the correlations found cannot be used to attest causal associations. 31 Another potential limitation is the grouping of patients according to their educational level using a cutoff point of up to 9 years of education. It is possible that grouping patients in a different manner may lead to other results. Finally, the low response rate limits the ability to extrapolate the results of this study to the whole population group.
Conclusion
In our sample, patients with lower educational level were more often females, singles, had a higher number of other conditions, a higher number of uncontrolled risk factors and lower HRQoL. However, the higher the control of risk factors was, the higher the HRQoL was overall as well as in both educational-level groups.
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Key points
From a patient's perspective, not merely the disease but rather the impact of disease and treatment on daily live is important. Along with the growing importance of prevention, HRQoL as an outcome has gained increased attention in the past years. We know that educational attainment strongly influences health directly but also indirectly through work, economic conditions or health lifestyle. In the context of patients with CVD, previous research has shown that lower SES is associated with both higher burden of disease and lower HRQoL. However, evidence about the importance of education for risk factor modification and the impact on HRQoL in primary care remains scarce. Previous studies often considered the impact of risk factor modification on HRQoL only in the context of programme evaluations and without focus on educational level. Our results have shown that patients with lower educational level have a higher number of uncontrolled risk factors and lower HRQoL. However, an increasing number of controlled risk factors were positively associated with higher HRQoL for both groups, patients with lower and with higher educational level.
